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- 

ADVANCE PORT 
- - 

ThT EFFECT OF HIGH WING LOADING ON LANDING 

TECWIQUE AND DISTANCE, WITH EXPERINlEMTAL 

DATA FOR THE B-26 AIRPLANE 

By E'. B. Gustafson and V'illiam J. OrSullivan, Jr, 

An ana lys i s  of the e f f e c t  of  wing loading on the  
landfng f l a r e  ( t h a t  i s ,  the level ing-off  par t  of  the  
lar,dfng) i n6 i ca t ed  an Zmportant e f f e c t  on landing technique 
and d i s tance .  In  order t o  cheok this  ana lys i s ,  f l i g h t  
t e s t s  were made w i t h  a Kart in 3-26 a i rp lane  loaded t o  
50 pounds per square f o o t .  I t  was.found t h a t ,  f o r  reason- 
able accuracy and sa fe ty ,  the p i l o t s  used power t o  main- 
t a i n  the des i red  speed msrgin and t o  1irrd.t the  r a t e  o f  
descent a t  the  s t a r t  of the  f l a r e  t o  about 25 f e e t  per  
second. Other measured values e s s e n t i a l  t o  f l a r e  calcu-  
l a t i o n s  include tbe following: rninlmrn consis.tent value 
of excess speed 2 t  s t a r t  o f  f l a r e ,  25 percent ;  maxinzwn 
r a t i o  o f  l i f t  coe f f i c i en t  C L  t o  maximum l i f t  c o e f f i -  
c i en t  C cons i s t en t ly  reaahed, 85 percent;  time 

required t o  reach t h i s  CL, 2 seoonds; t l p e  required t o  
reduce the  
o f  the f l a r e ,  1 second. Since these allowances do not 
d f f f e r  widely f r o m  those needed a t  l o w  wing loadings ( w i t h  
t he  exceptfon of t he  d e f i n i t e  E m i t a t i o n  of' v e r t i c a l  
v e l o c i t y ) ,  i t  i s  concluded t h a t  the  e f f e c t  o f  an increase  
i n  wing loading on the f l a r e  path, f o r  any a i rp lane  
reasonably s i m i l a r  t o  the  one t e s t e d ,  can be s a t f s f a c -  
t ori l y  ca lcula ted .  

Lrnax 

CL value t o  t h a t  f o r  l e v e l  f l i g h t  a t  the end 

I NTRODUC T I  0 N 

(t Increased wing loading,  f o r  purposes of landing- 
d is tance  s tud i e s ,  requires  pr imar i ly  an increase  i n  the 



2 NACA ARR No. &KO7 

value o f  s t a l l i n g  speed used, w i t h  consequent inc rease  
i n  the apFroach speed and the speed a t  ground con- . 
t a c t ,  For the power-off condi t ion,  changes i n  l i f t -  

'%ax drag r a t i o  L/D o r  maximum l i f t  c o e f f i c i e n t  
secondary. If the  landing technique remains unchanged, 
the re fore ,  the s i ze  o f  f i e l d  needed w i l l  i nc rease  markedly 
because of  t he  h igher  ho r i zon ta l  v e l o c i t i e s .  The d f f -  
f i c u l t y  o f  exerc i s ing  s u f f i c i e n t  judgment i n  executlng 
the  landing f l a r e  ( t h e  level ing- off  p a r t  o f  the  landing) 
i n  order  t o  a v o i d  dangerous v e r t i c a l  v e l o c i t i e s  a t  t he  
i n s t a n t  o f  contact ,  will a l s o  increase  because o f  t h e  
increased v e r t i c a l  ve loc i ty  i n  the approach. The 
ana lys i s  reported i n  reference 1 showed t h a t  the  tech- 
nique required f o r  the s h o r t e s t  ground run was not  
a f f ec t ed  by wing loading and t h a t  the length  o f  the 
run inc reases  rin almost; exact  proport ion t o  t h e  wing 
loading. An ana lys i s  of  the  e f f e c t  of  loading o h  t he  
landing f l a r e ,  however, showed not  only an increase  
i n  the hor izon ta l  d i s tance  from an a l t i t u d e  o f  50 f e e t  
t o  t h e  end o f  t he  f l a r e  but  a l s o  an increase  i n  the 
height  a t  which, the f l a r e  m i s t  be s t a r t e d .  I t  was , 
apparent from t h i s  ana lys i s  t h a t  some change i n  the  tech-  
nique used, e i t h e r  In t h e  approach o r  i n  the f l a r e  o r  -fn 
both, was t o  be expected, I n  order  t o  determine whether 
t h e  t h e o r e t i c a l  f l a r e  ca lcu la t ions  adequately repre-  
sented the  changes t h a t  t he  p i l o t s  found necessary, 
landing t e s t s  wi th  an a i rp lane  o f  h igh  wing loading 
were considered des i r ab l e .  A B-26 medium-bomber afr- 
plane was used f o r  these  t e s t s .  

a r e  

THEORETICAL TREATNIEMT PIiIOR TO TESTS 

Step-by-step ca l cu l a t i ons  o f  t he  flare path  were 
made f o r  four  s t a l l i n g  speeds and f o r  fou r  amounts o f  
excess speed a t  the star . t  of the  f l a r e ,  wi th  t h e  sane 
glide angle, tk tk  s a w  L/D, m d  the s c  l i f t  c o e f f F c i  en t s  
assumed i n  all cases.  The i n i t i a l  c a l cu l a t i ons  were 
made on the assumgtfon o f  an instantaneous change 
i n  CL f r o p  the  value used Ln the  approach t o  a con- 
s t a n t  value maintained throughout the f l a r e .  A studyof 
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da ta  on ac tua l  landings r e su l t ed  i n  the modif icat ion o f  
thesg ca l cu l a t i ons  on the assumption t h a t  t he  l f f t -  
coef f fc l  en t  change occurred during an i n t e r v a l  o f  
2 seconds and t h a t  t h e  change occurred i n  the form of' 
a sfne wave. 

These t h e o r e t i c a l  ca l cu l a t i ons  ind ica ted  t h a t  
increase  i n  wing loading produces the  following sfgni-  
f f c a n t  changes: 

(1) The height  a t  which the  f l a r e  must be s t a r t e d  

( 2 )  The time required f o r  the  maneuver inc reases  

inc reases  almost d i r e c t l y  w i t h  t he  wing loading. 

as the  square r o o t  o f  the  wing lozding. 

( 3 )  The loss i n  speed during the f l a r e  L s  a con- 
s t a n t  percentage of  the  s t a l l i n g  speed. 

(L) The hor izon ta l  d i s t m c e  f r o m  a height  o f  
50 f e e t  t o  t he  snd of the  f l a r z  ! t h a t  i s ,  t o  the  point  
a t  whfch zero v s r t f c a l  ve loc f ty  i s  reached) inc reases  
about 35 percent If  the wing loading ts increased f r o m  
25 pounds per square f o o t  t o  50 pounds per square f o o t .  

J t  was f u r t h e r  obvious from genera l  considera t ions  
t h a t  an e r r o r  i n  the  judgment of  the p i l o t  i n  executfng 
the f l a r e  with an a i rp lane  o f  h igh vv-lng loading would 
br ing much more ser ious  consequences than the same per-  
centage e r r o r  i n  technique vdth an a i q l a n e  of  low wing 
loading 

APPARATUS AND TESTS 

The appearance and general  arrangement o f  the  
iv:artin B-26 medium-bomber a i rp l ane  may be noted I n  
ffgui2es 1 t o  3 .  The long l tud ina l  axis o f  t h i s  a i r -  
plane i s  i d e n t i c a l  371th the  t h r u s t  ax i s ;  dimensions 
and o the r  d e t a i l s  are  as follows: 

w 
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Attitu6.e angle o f  long i tud ina l  axis, s t a t i c  - 

pool t ion,  d.eg 

?vi E g 
Area, t o t a l  

sg fS, , 
Spain, Et, . 
Taper r a t i o  

chord) .  
M. A. c .  9 f t  
'nlstance of 

( inc lud ing  ailerons and fuse lage)  , 

( r a t i o  o f  r o o t  chord t o  t i x ,  

. . 0 . . . D 0 . . * . 0 s * 10,2 
leading edge of chord ( N . A . C * ,  

. . . . . . . . . . . 6 m o  

. * . . 0 . .  . . . . .  0 .  3:1 

0 . 0 * * w * .  . . * .  0 6 5 . 0  

rotated to p a r a l l e l  filth t h r u s t  axis  about . 
quarter-chord p i R t  ) 

Ec'nirid: nose o f  air.21ane, ft . . . . 20.1 
Above l o n g i t u d f r a l  eLx9s, f t  . . . . . . . 3.8 

A ' l r f o i l  ( t i n )  . . . . . . . . . NACA 0010-61 
. Aizgle o f  incicleerzce ! r o o t  and t-P-p>, deg . . 3 . 5  

'frhedral ( l ead ing  &!gel, deg e . .. . . 1.3 

Area, t o t a l  effe.=tf.ve (eaclufi-ing projec ted  

Sban, 

A t ~ ~ f o i l  (T03t) . * * RAGA 0017-64. 

?;lag f balanced s??!it) 

m ? a s  through f ~ ~ ; e 1 2 g e  end ncicelie:.), sq f t  . 58.1 
s c t u a l  ( inc lud ing  7.4 f t  through 

fuselage ar?d 3.2 f t  through each n a c e l l e ) ,  
f t  . . . . * . . e 0 . 0 0 0 . . 8 0 0 0 0 35.2 

m a x f Y u m ,  deg . . 0 0 a * . . . . . * * 55.0 
%?:hard ( cons tan t  v i d - t h ) ,  f t  . . . . , . , 2.7 
3ei;lection from r e t r a c t e d  p o s f t i a n ,  

Ailerons (Frise) 
Area, t o t a l  (one a i l e r o n  including t a b ) ,  sq ft 24.,.$, 
Sqan (one a i l e r o n ) ,  f t  . . . . . . e . e . 13.L 
Chord (hinge axis  t o  t r a f l l n g  edge),  percent  

Deflection frow! pos i t i on  c o n t i m o u s  w i t h  wing, 

n\tiaxir;?um down . . . . . . . . . 

~ i n g  c k o r d  - 0 e . 20.2 

deg 
~ a ~ ' i p ~ m  up . . . . 
Neutral pos i t ton  ( 3 7 )  . 
- z  

Fuselage 
Length,over-all ,  f t  . . e . . I . . . . . 56.2 
Diameter, rnaxirr;wr ( c i r c u l a r ) ,  f t  . . . . * . 7.4- 
Angle with respect  t o  longf tudfnal  axis ,  deg -1.0 
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I i o r i  zontal  t a i l  sur face  
Area (i.neladZng fuselage ahead o f  e l eva to r  

hinge axis), sq f t  . . . . . . . . . . . . .  118.5 
S~EKY, f t  . . . . . . . . . . . . . . . . . . .  23.7 
Angle o f  incidence of s t a b i l i z e r ,  deg . . . .  1.0  
Dihedral ,  deg . . . . . . . . . . . . . . . .  8.0 
Elevator  

Area bshlnd hinge axfs  ( b o t h  e l eva to r s  

Area ahead o f  hinge axfs  ( b o t h  

Eis tance o f  hirige ax i s  ( a t  plane o f  

Eehind nose o f  a l r p l a c e ,  ft 
Above l m g i t u d i n a l  axis, f t  . . . . .  2.6 
U ? .  . . . . . . . . . . . . . . . . .  20.0 

5.ncludIn.g t a b ) ,  sq f t  . . . . . . . . .  41.1 
e l e v a t o r s ) ,  e q  f t  . . . . . . . . . . .  12.9 

symmetry) . . . . . .  5’14 
Gaximm def l ac t ion ,  deg 

Do3m . . . . . . . . . . . . . . . . .  12.0 
T:ertfcal t a i l  

ATea, t o t a l  (excluding f u s e l a g e ) ,  sq f t  . . .  62.7 
Span (excludiFg f u s e l a g e ) ,  ft . . . . . . . .  9.3  
“udd e r 

A r e a  behind hinge ax is  (j ncludrng t a b ) ,  
s y f t  . . . . . . . . . . . . . . . . . .  26,2  

Area ahead o f  h izge  a x i s ,  sq f t  0 . 3  
D?stance of hfrAge axis  behind nose of 
I atrp1ane (at r o o t ) ,  f t  . . . . . . . . .  1~9 .8  
VzixLnug 2 e f l e c t i o n ,  deg . . . . . . . . . .  + 2 5 , O  

Landfng gear ( r e t r a c t a b l e  t r i c y c l e )  
Qistance between cen te r  l i n e s  o f  main wheels, 

V.%eel axle loca t ion  ( a i r p l a n e  stat13 load,  
f t . . . . . . . . . . . . O . . . . . . . .  21.9 

28,512 ib) 
Main wheels 

Below long i tud ina l  a x i s ,  f t  . . . . .  2L* 5. 3 Behind nose, ft . . . , . . 
IiTose wheel 

Behind nose, f t  . . . . . . . . . . .  5 . 1  
Elelow long i tud ina l  ax f s ,  f t  . . 6.4. 

Engines: Two engines,  power r a t i n g  (normal, one engine)  
1500 blip a t  2400 rpwl a t  7500 f t  

Propel le rs :  L blades,  l 3 . 5 - f t  diameter;  constant  speed 
o r  manual p i t c h  con t ro l ;  f u l l  f ea the r ing  
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'f.%ight and cen te r  o f  g r av i ty  posi t ion  
Norrnhl loonding 

Eefght,  l b  . . . . . . . . . . . . . . . .  28,512 
Center of' g r a v i t y  (landfng gear  re t rac ted)  

Crew a t  fl:ght stations, percent  Y. A. C. 14.E 
Crew a t  b a t t l e  s t n t l o n s ,  percent  NL.A.C, lb.5 

TF-efght, l b  . . . . . . . . . . . . . . . .  31,1421 
Center o f  g r a v i t y  ( landing gear  r e t r a c t e d  

?laxinzum loading 

and crew a t  f l f g h t  s t a t i o n s ) ,  percent 
X A C .  . . . . . . . . . . . . . . . . . .  1G.q 

(approx i ra te ;  211 con3 i t i ons ) ,  f t  0.3 
Distance of c . g .  Selov:. long i tud ina l  axis 

Pei,c-lit o f  c , g a  above ground, a4rplane at; 

E l o r i ~ o - n t ~ l  d i s tence  from. c . g ,  t o  nain wheels, 

. . . . . .  
r e s t , f t  . . . . . . . . . . . . . . . . . . .  7 . 2  

airplane a t  r e s t ,  f t  e e 0 * 2,C 

Pi tch  . . . . . . . . . . . . . . . . . . . .  76,000 7fioments o f  i n e r t i a (  approxixate) , slug-ft 2 

m i l  . . . . . . . . . . . . . . . . . . . . .  70~000 
~ 3 . w  . . . . . . . . . . . . . . . . . . . .  .142,000 
The af rp l sne ,  as  ba l l a s t ed  f o r  m o s t  o f  t he  t e s t s ,  

had a wing loading o f  50 pounds p e r  square f o o t  and a 
?aver loadlng o f  about 10 pounds per horsepower, I n  the  
f i r s t  p a r t  o f  t 3 e  t e s t s ,  the  a i rp lane  was somewhat l l g k t e r  
than these v s l u o s  i nd i ca t e .  The weight correspondfng t o  
each landing i s  shown 4n the summary t a b l e  ( t a b l e  I ) .  

A 1 1  landings were made by FlACA t e s t  p i l o t s  having 
wide experierxe w P t h  othey types o f  af rplane but no 
experience n i t h  the B-26 a i rp lane  p r i o r  t o  these t e s t s ,  
Although an atterrpt was made t o  cover a f a i r  range o f  
povlier s e t t i n g s  and speedl margins for the  approach con- 
c l i t ion ,  t h e  prfrnary object fve  n7as t o  prodtice abrupt 
f l a r e s  a f t e r  an approach a t  the  s teepes t  angle and t h o  
lowest spee2 considered by the p i l o t s  t o  59 reasonably 
sa fe ;  t h a t  i s ,  the pFlots attelnpted t o  use technique con- 
ducfws 
*of  50 f e e t .  A nuvber of landines a l s o  were recorded in 
which the personal choice of the  p f l o t s  determined the  
technique used. 

t e s t s  were made between November 14., 1941, and December '7> 
1941; the remainder or" the  t e s t s  were made betweexl July b ,  
1342, and August 15,  194.2. A l l  land'ngs i n  the f f r s t  
serEes ( r e f e r r e d  t o  he re in  as t h e  l9cl s e r i e s )  were macle 

t o  the  sho r t e s t  poss ib le  t . o t a l - r u n  from a height  

A 3 1  landings were Fade a t  Lanzley F ie ld ,  V a .  Some 

c 
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on bare ,  d ry ,  consrete runways, 
I r e f e r ~ e d  t o  h r e i n  as the 131i.2 s e r i e s )  were made or, con- 
c r e t e  sunways coated w i t h  camouflage mate r ia l  cons i s t ing  
o f  sawd-ust spread on an aspha l t  binder.  The surface  o f  t he  
rimwags was sor.etfmes nzoist  frorrr r a i n s  on previous says 
but was covered with water only i n ,  t h e  ins tance  noted i n  
the  s m m r y  tab le  ( t a b l e  I ) .  

Tes'ts o f  the second s e r i e s  

%cording instruments  i n s t a l l e d  during the  l9b.l  s e r i e s  
o f  tests included the following: 

NACA three-component accelerometer 
XACA r ol l ing-  ve l o c i  t y  recorder  
NACA p i  tching-veloci ty recorder  
NClCA a i rspeed recorder  
NACA mechani c a l - o p  t i  c a l  control-p o s i t  i on 

recorders  a r rmged  t o  record posf t ion  o f  e leva tors  , 
a i l e r o n s ,  rudder, t h r o t t l e s ,  and 811 th ree  shock 
s t . ru t  s 

The hori zontal  and v e r t i c a l  dPsplacernents and the  attitindie 
ar,gle o f  the  r i r p l a n e  were PQcorded by two Fhototheodoli tes  
s ta t ioned  on the  lsndfng f i e l d .  The phototheodolftes and 
t h e i r  uses are f u l l y  deecrlbsd f n  r e f s r e m e  2. 

I n  the 1742 ser ' ies  o f  t e s t s  the  following add i t iona l  
instruments were i n s t a l l e d  i n  the  a i rp lane :  

NACA tvo-component accelerometer,  normal and longi-  
tud ina l  elements ( o f  g r e a t e r  s e n s i t i v i t y  than the 
3TAC A t h ree  - c omp onent ac c e l e  r oFe t e r ) 

Statoscope 
Hydraulic pressure recorder  connected t o  brake l i n e s  
Cfrd-Kodak motion-picture camera f o r  obtaining t i r e -  

de f l ec t i on  d a t s  i n  impact 

The con t ro l- pos i t ion  recorders  for a i l e rons ,  rudder, and 
s b ~ c k  s t r u t s  were omitted during the l9k2 s e r i e s  of  t e s t s .  

The accelerometers and the  angular- veloci ty recorders  
were placed a t  ( o r  c lose t o )  the  cen te r  of' g rav i ty  o f  the 
a-Lrplane All instruments i n  t h e  a i q l a n e  received timing 
'impulses from a s ing le  NACA t imer.  Synchronization o f  the  
two phototheodoli tes  wi th  the instruments was e f f ec t ed  by 
f i r i n g  a f l a s h  bulb ( v i s i b l e  i n  the phototheodoli te  records )  
in tho nose of the  a i rp lzne  and simLltaneously operat ing a 
solenoid tha t  produced a brSal; i n  a record l i n e  on one o f  
the instruments . 

PRFCI SI OR 

The prec i s f sn  of the measurements i s  bel isved t o  be 
within the following l i m i t s :  
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7 e r t I c a l  dlsplacement from phototheodoli te ,  f t  . +3 
Vnrtzontal displacement from phototheodoli te ,  ft . . i10 
) J s r t t c &  displacement from statoscope,  f t  . * . . , flo 
Att i tude  engle,  deg . . . . e . . . . .f1.0 
Vertical.  ve loc i ty ,  r t / sec  . . , , , . . . . k? 
A.;rspesr!, z i les/f i r  . . . . . a . . . a 22 
iuianifold pressure ,  i n .  I:g e e . . .f0.5 
C o n t r o l  surface angles,  deg . . .. . . .+0.5 
Pi t ch fng  v= loc i ty ,  rad4an/sec . . .kO.OO5 
"ol.18ng ve loc i ty ,  radianlsec  . . . e . . . 20.01 
! ~ f n r ~ s ~  zcce le ra t ion ,  g e . e . e . . i0.05 
Hart son ta l  acce l s ra t ion  ( two-component 

ins t rument ) ,  8 . I) . . . . . . . kO;O3 
'%ori.zontal acce la ra t lon  (three-conlponent 

instrwrient) ,  g . . . a . . . a . 
Trmsverse acce l e r a t l on ,  Q , a e . . b . I e 20.0 

..- 

23*ol 
3rske-lfne pressure ,  Ji3/sq :n. * a * .  . . e . .  +LO 

Tk.e,ess values a r e  based on a c a t t a r  o f  )_saints, 
d i f  f e r e ~ c e s  between or: gina:! and reread values ,  a d  i n  
soxe cases on cornparison ~f r~ssu1ts from d i f f e r m t  
i n s t rw-en t s  o r  r y s ~ l t s  abtr2Ln.ed by d i f f e r e n t  methods, 

The r e s u l t s  o f  the  measurements are summarized In 
table I. The d a t a  are presented as time histor;-es  i n  
. r % g u ~ e s  4 t o  29 .  The time histories have been grouped 
accopd3.ng t o  the  amount o f  d a t a  presented and ,the groups 
are Bntrodlnced i n  t h e  order  o f  t h e i r  s ign i f icance  t o  t he  
study of the a i r  runs. The time h i s t o r i e s  t h a t  a r e  o f  
primary i n t e r e s t  i n  s tud i e s  o f  landing ap?ro;lch and f l a r e  
a r e  g i w n  i n  f i gu re s  4 t o  14. 
naTbere cCrres3ond.ing t e  the varfous landings a re  l i s t e d  
In t ab le  I, A t  the speeds covered i n  these  t e s t s ,  the 
e f f e c t s  o f  compress ib i l i ty  are s o  small  t h a t  the a i r -  
speeds given mag be consiclerec? as e i t h e r  the observed 
airspeed corrected  f o r  i n s t a l l a t i o n  and instrument e r ro r s  
or VO 1/2 where V i:: tk;e t r u e  a i r speed  and 0 i s  the  
densi ty  r a t i o .  

Pur convenience, the  Tigure 

Examlnztl3n of? the time h i s t o r i e s  i n d i c a t e s  t h a t  
many o f  the records taken during the g l i d e  and f l a r e ,  
includin,? the noma1 acce le ra t lon  and the e l eva to r  p o s i -  
t i on ,  a re  r a t h e r  unsteady. Such unsteadimess i s  common 
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in landing records .  The degree 

3 

o f  unsteadiness  has been 
shown, 'in some previous " e s t s ,  u o  be much g r e a t e r  i n  roush 
a i r  than i n  s r r o o t h  a f r .  The degree of  unsteadiness i s  
a l s o  undoubtedly d.ependent t o  some extent  on the degree 
of  s t a b f l i t y  and the type o f  the c o n t r o l  balance and the  
na ture  of' the  response o f  the par t ic inlar  a i rp lane .  

?esul t s  of g l i d e - t e s t  measurements o f  the  L/D of  
the a i rp lane  over a range of  condit ions appropriate  t o  
the  various landings a re  given In f i g u r e  30. The values 
a re  termed "equiva.lent" L/D~s because they include the 
e f f e c t  of p r o p e l l e r  t h r u s t ,  Neasurements of th i s  kind 
were necessary f o r  the  t h e o r e t f c a l  treatment shown i n  
f igu re  3 1 .  

D I  SCTJSSI ON 

Approach and Flare  Path 

Ver t i ca l  ve loc i ty  i n  approach. - I t  became apparent 
early i n  the  t e s t s  t h a t  s teady power-off approaches would 
resu2.t In v e r t i c a l  v e l o c i t i e s ,  a t  the beginning o f  the  
f l a r e ,  ths t  equaled or exceeded the v e r t i c a l  ve loc i ty  
which t h e  p f l o t s  could cons i s t en t ly  handle with s a f e t y ,  
The choice o f  a s p e c i f i c  v e r t i c a l  v e l o c i t y  for the  
approach, above which t o o  much s a f e t y  and accuracy a r e  
l o s t ,  i s  necessa r f ly  sonewhat a r b i t r a r y ,  Consideration 
o f  t he  comments o f  t h e  p i l o t s  together  w i t h  s tudy o f  t he  
data  obtafned, however, l e d  t o  the choice o f  a value o f  
25 f e e t  per  second, The basis f o r  the  choice i s  m o s t  
r ead i ly  un2-erstood i f  the  landings are  considered i n  
th ree  separa te  groups. 

(1) Power-off landings: 3nder the  proper condi t ions 
and a f t e r  s u f f t c i e n t  experience had been obtained,  the  
p i l o t s  made seve ra l  landings i n  which the t h r g t t l e s  were 
closed long before the  end o f  the approach and were not 
reopened, In  one ins tance ,  the t h r o t t l e s  were c losed  a t  
an a l t f t u d e  o f  1500 f e e t  and were no t  reopened. Values 
o f  v e r t i c a l  ve loc i ty  up t o  37 f e e t  per  second resu l t ed  
a t  the s t a r t  o f  the f l a r e .  These landings s r e  consfdered 
exh ib i t ions  o f  p i l o t i n g  s k i l l .  The records i n d i c a t e  tha t ,  
f o r  these landings,  the a l rp lane  tended t o  l e v e l  c f f  t o o  
high and t o  "ball?on" ( r i s e )  a t  the  end o f  the  f l a r e .  This 
conditfon necess i t a t ed  a secogd aDproach and f l a r e  o f  
smaller proport ions.  (See figs 4 t and 9 .  ) 
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( 2 )  Power-on landings: For comparison with poser -  
o f f  landings,  a nunber o f  landings mere recorded 5x1 which 
t h e  p i l o t s  used. consfderable power ( r a n i f o l d  pressure ,  
%bout 20 inches o f  mercury) and s t a r t e d  the  f l a r e  with 
v e r t i c a l  v e l o c i t i e s  o f  about 15 t o  20 f e e t  per  second. 
Dwing tkese  landPngs the re  was no tendency t o  bal loon 
and f n  seve ra l  ins tances  ground contact  was made without 
completing t h e  f l a r e  but without any abnormal shock in 
1.my)act. (See ffgs. 7, 2 l ,  and 24 and t a b l e  I . )  These 
landings inc lude  lar,dings i n  which the  p i l o t  w 8 s  n o t  
f'ollovvinp; any s p e c i a l  i n s t r u c t i o n s  and was using the  
technique that; he f e l t  provided the g r e a t e s t  s a fe ty .  

( 3 )  Landings with moderate pover:  I n  the p a j o r i t y  
o f  Iand.Engs tha p i l o t s  nade the approach with t he  hl.g'nsst 
v e r t i c a l  v e l o c i t y  considered reasonably safe .  Yanifold 
7~~ t s s su re s  of about; 10 t o  12 inches o f  mercury were used 
I n  tha  approach and the f l a r e  was s t a r t e d  w f t h  a vert'ica.1 
v l ~ l o c - i t g  of 20 t o  30 f e e t  per  second. The accuracy w i t h  
whtch the  f l a r e  was completed apneaxls marginal I n  these 
l;;mdA.ngs; t h a t  i s ,  some records showed a tendency for 
the  a i rp lane  t o  l e v e l  o f f  t o o  high and t o  balloon, wh1I.e 
o thers  d i d  no t ,  w:th no d e f i n i t e  c o r r e l a t i o n  with the  
vertI.ca1 v e l o c i t y  apparent. 

Consideration o f  these t h r e e  groups of  lsndfngs 
Indica tes  t h e  follovtring conclusions: The power-off 
landings,  ~ l t h  v e r t f c a l  veloc-i t ies of' 30 t o  40 f e e t  per  
second, a re  f n  no sense p rac t i cab le  or coxnon mansuvers, 
Th.e ?ower-on landings,  wlth v e r t i c a l  yeloc- i t ies  of  
20 f e e t  per  second and l e s s ,  produce accurate  flares 
that cause no necess i ty  f o r  an add i t iona l  maneuver before 
making ground. contact .  The accuracy arid p r a c t i c a b i l i t y  
o f  the Ianclings w i t h  in termediate  power s e t t i n g s  an6 
v e r t f c a l  v e l o c i t i e s  between 20 and- 30 f e e t  per secondl 
are margi-nal. The average o f  t h e  margfnal values ,  
25 feet p s r  second, i s  considered a ra t lor ia l  l i m i t i n g  
value for use i n  f l a r e  ca lcu la t ions ,  

Speed. margin I n  a?proan,h.- Calculat ions o f  t he  flare 
path require a l s o  an 'assumed! speed mar-gln. The excess 
s p e d  ms.intained in the  approach dur'ing the  various 
landings i s  give:? i n  t a b l e  1 as a percentage c\f the 
s t a l l i n g  speed as obtalned f r o m  measurements a t  a l t f  tude 1 
f o r  the corresgonding rowor  cnd f l a p  s e t t i n g s .  If allowance 
is made f o r  t he  f a c t  t h a t  the  landings made a t  the h ighes t  
pove r  s e t t i n g s  were not  s t r i c t l y  t e s t  landings and that  
the  p i l o t  was allovvipg a grreater rriarg-fn o f  s a fe ty  than 
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I n  the o ther  landfngs, a tendency toward the  reduction 
of  the spe=d rrargln with increase  i n  power s e t t i n g  and 
decrease i n  vertPcal  veloci ty  i s  then apparent. The 
f ' sc t  t h a t  Yne power-on approaches, with low v e r t i c a l  
velocFty, were made w i t h  outstandingly l o w  hor izon ta l  
ve loc f t i e s  r e s u l t s  t o  a l a r g e  extent  f ron  the h igher  
rizaxfrnum l i f t  c o e f f i c i e n t s  which apply t o  t he  power-on 
condftlon. I t  i s  common i n  p i l o t i n g  experience t o  f i n d  
t h a t  the s t a l l i n g  s-pecd i s  much lower w i t h  power on than 
v!-t?h gower o f f  and. i s  imvediately increa-sed when the 
7oarer is reduced. A3plication of povver i n  making landings 
there fore  makes poss ib le  b o t h  a slower approach and a 
more rapid  l i f t  reduction f o r  a ' 'spotft  laDd'Lng than could 
1m obtained w i % h  power o f f ,  

Consid-eration o f  t h e  purpose and the condit ions f a r  
the various landings r e su l t ed  i n  the s e l e c t i o n  o f  a value 
o f  25 percent  o f  the  s t a l l f n g  speed as a logical value 
o f  excess speed f o r  use w i t h  an assumed v e r t i c a l  ve loci ty  
o f  25 f e e t  per  second. T t  i s  noteworthy i n  t h i s  connection 
ths t ,  when z f l a r e  was begun with 21 percent excess speed, 
the a l r p l m e  s t a l l e d  p r € o r  t o  completion o f  the f l a r e  
(laneLzng 7,  I C ) L ~ ;  see f i g .  4 ) .  

Percent of c used i n  landing f l a r e . -  The m a x l m u m  
used i n  the l eve l ing- of f  per tod:  

%ax 
r a t 1  o T ~ C L t o c ~ n a x  
has been tabu la ted  i n  t ab le  I f o r  t he  various landings. 
Because t h e  power s e t t i n g  usua l ly  was changed aur ing  the 
flare, the values used f o r  o f ten  d o  not  correspond 
t o  the  s t a l l i n g  speeds used i n  ca l cu l z t l ng  the  speed Eargin 
i n  the approach. No co r r e l a t i on  of r a t i o  o f  CL t o  Chax 
w P t h  v e r t i c a l  ve loc i ty  of approach, o r  any other  f ac to r  , 
i s  apparent. Values of th i s  r a t i o  of about 90 percent 
usual ly  were reached il? the t e s t s .  These values are peak 
values; 'ii?spection of the time h i s t o r i e s  i nd i ca t e s  85 per- 
c r m t  t o  be a l o g i c a l  value f o r  use i n  any ca lcu la t lons  
which requfre t h a t  the value 'be sus ta ined f o r  an appreci-  
able p e r i o d ,  This valus o f  35 percent  i s  s l i g h t l y  l e s s  
than the actual. averhge but ,  in view o f  the  obvious 
seriousness o f  s t a l l i n g  during 2 f l a r e  s t a r t e d  a t  high 
v e r t i c a l  ve loc i ty ,  a margin of' 1 5  percent  would seem 
the lowest value t h a t  should be suggested f o r  cons i s ten t  
u.se. 

cLln,?x 
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TFme requirsd  t o  change C L e -  Inspect ion Qf the  t i n e  
h i s t o r f e s  leads t o  an assumption of  2 seconds for t he  
t iEe  requfred t o  increase  CL f r o 3  the value used f n  the! 
ayiproacl-1 t o  the  maximum value used i n  the  f l a r e  and 
1 second. for the time requiped t o  reduce G L  t o  the  
value . f o r  steady l e v e l  f l i g h t  a t  the  en2 of the f l a r e .  

---- 

ZxarvTles of  t h e o r e t i c a l  calculations.- the  o r e  t i c a 1 
-_I_ --. __ 

l ' lare time 'n l . s to rg  ba.sed on t h e  a s smpt fons  f o r  vertfcal .  
ve loc i ty ,  excess speed, and time required t o  change Cr is  
s:iovvn as condit ion ( a )  on f i g u r e  31. 
used fs based on the approach angle as determined by the 
r a t e  o f  descent  and. a?proach ve loc i ty .  Glide t e s t s  made 
a t  Gl t i tude  with the  3are 7ower arid f l a p  s e t t l n g s  ( s e e  
f l ea  3 0 )  gave a value i n  good agreement with t h i s  value 
an2 showed the  L/D t o  be nez r ly  constant  over t5e f u l l  
range of l i f t  c o e f f ' i c i m t s  used i n  the f l a r e .  For com- 
p a ~ i s o n  with the t h e o r e t i c a l  t ima h i s t o r y ,  values taken 
from the  ex?erirnsntal data o f  fPgures h and. 13 have been 
p lo t t ed  on the f i g u r e ,  

Tpie value o f  L/E 

In  order t o  show the extent  t o  which the p i l o t s '  use 
oi' a value of  S T  l e s s  than C 

t h e o r e t f c a l  time h i s to ry  f o r  the sane appmach condit ions 
but w i t h  the  e n t i r e  f l a r e  made a t  Cr i:$ given i n  
f i gu re  31  (cmd ' i t ion  ( b ) ) .  

a f f e c t s  the path, a 
Lmax J J  

-ax 

Because the margins o f  speed snd l i f t  c o e f f i c i e n t  
found i n  these t e s t s  are consis tent  7 f i l . i  t h  those experienced 
w i t h  arirplanes o f  l f g h t e r  load. ing,  i t  i s  bel ieved t h a t  
the e f f e c t  of  a moderate f u r t h e r  tnc rease  i n  loadl2g can 
be ca lcu la ted  with f a l r  accuracy. I n  order  t o  i l l . u s t r a t e  
the  appl ica t ion o f  the theoTetlca1 treatment t o  higher  
wtng loadings,  the save -x+surnptions as ussd I n  coi id i -  
t-lon {a) of  f i g u r e  31 f o r  v e r t i c a l v e l o c i t g ,  excess speed, 

and time required  t o  change CL have been applied 
t o  a hypothet ica l  a i m l a n e  wi th  50 percent  higher  1-oadfng. 
The r e s u l t i n g  time h i s t o r y  i s  shown as condit ion ( e )  i n  
thc: same f i g u r e .  

cL' 

Possible varf-at ion of assumptions. - The a p p l i c a b i l i t y  
of t h e  ass impt ions  based, on thzz-s t o  aEy p a r t i c u l a r  
case i s  conditioned by the following considerat ions:  
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The maximum prac t icab le  r a t e  of  descent w i l l  vary 
somewhat according t o  the  degree of experience and a b i l i t y  
of the p i l o t .  

The percentage o f  excess speed needed i n  t h e  approach 
nay be reduced s l i g h t l y  w i t h  f u r t h e r  inc rease  i n  loading, 
s ince  the v e r t i c a l  ve loc i ty  t o  be checked w i l l  not  be 
fncreased f u r t h e r .  This r e s u l t  follows f rom t h e  f a c t  
t h a t ,  when the v e r t i c a l  ve loc i ty  i s  assumed t o  inc rease  
in pronort ion t o  t h e  loading, thg percentage of excess 
speed required remains constant .  

The maximum l i f t  coe f f i c i en t  reached i n  the  f l a r e  
will vary w i t h  the  p i l o t s '  experience and conservatism. 
The p i l o t ,  i n  addi t ion,  must allow a g r e a t e r  margin i f  
he i s  f l y i n g  an alrplane t h a t  rolls unexpectedly, has a 
rapid  decrease i n  L/D as the s t a l l  i s  approached, o r  
otherwise has unfavorable c h a r a c t e r i s t i c s  a t  o r  near the  
stall, 

. The 2-second i n t e r v a l  used t o  reach the maximum 
value o f  C a t t a i n e d  i n  the f l a r e  has previously  been 
observed w i k h  a i rp lanes  o f  lower loading than the  a i r -  
plane used i n  the  present  t e s t s  and widely d i f f e r e n t  
gorieral c h a r a c t e r i s t i c s .  Since the  records o f  e l eva to r  
movement show t h a t  only a f r a c t i o n  o f  the ava i lab le  eleva-  
t o r  t r a v e l  i s  used, the  l eng th  o f  the  i n t e r v a l  appears 
t o  be determined by the preference o f  t h e  p i l o t  r a t h e r  
than by any l i m i t a t i o n  of ava i lab le  p i t ch ing  moment. 
Since these da t a  include landings made by three  d i f f e r e n t  
p i l o t s ,  t he  value would seem t o  be reasonably genera l .  

f l i g h t  a t  the end of t he  f l a r e  varied more than any other  
f a c t o r .  This r e s u l t  might be expected s ince  th i s  period 
provtdes the f i n a l  opportunity t o  co r r ec t  f o r  e r r o r s  o r  
the  e f f e c t  o f  unpredictable changes i n  wind condit ions.  
In  some cases t he  f l a r e  was terminated by ground contact  
without the need of  the 1-second period of adjustment, 
bu t  thfs terminat ion cannot be counted upon as a regu la r  
procedure fo l l owing :  an abrupt  f l a r e .  The chief  e f f e c t  
o f  the period. of adjustment used i n  ending the f l a r e  i s  
t o  inc rease  t h e  ho r i zon ta l  d i s t ance  consumed; t he  e f f e c t  
o f  this period o f  adjustment on the  height  a t  which the 
the  f l a r e  must be s t a r t e d  i s  neg l ig ib le .  

e 

The time used t o  reduce CL t o  t h a t  f o r  steady l e v e l  
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Technique f o r  sho r t e s t  t o t a l  landing run.- It should 
- 7 t  be taken for-ed t h a t  the use o f  the maximum value 
7 -  rlate o f  descent  which the p i l o t  i s  w i l l i ng  t o  use w i l l  
e s u l t  i n  the sho r t e s t  p rac t icab le  landing. Inspect ion 

c~f the da ta  obtained i n d i c a t e s  t h a t  the s h o r t e s t  t o t a l  
d i s tance  from a he igh t  of 50 f e e t  t o  a s t o p ,  even under 
emergency condit ions,  w i l l  be obtained by the  use o f  more 
:Jowep, and hence lower ve r t i ca l  ve loc i ty ,  than the amounr, 
which corresponded t o  what the p i l o t s  considered reasonable 
l i v i t a t i o n s .  The use of more power and lower  vertical 
ve loc i ty  shows two advantages: (1) g r e a t e r  accuracy i n  
qompleting the f l a r e  and ( 2 )  lower speed a t  t h e  end o f  
the  flare. The exact  point  a t  which the  e f f e c t  of these 
rlflvantages ceases t o  o f f s e t  t he  e f f e c t  of the f l a t t e n i n g  
Jf the g l ide  pa th  would, of course, be very d i f f i c u l t  t o  
determine even f o r  a given a i rp lane ,  p i l o t ,  and runway 
surf ace 

Ground Run 

The d a t a  presented f o r  the  ground runs have not  been 
analyzed i n  d e t a i l  bu t  examination ind i ca t e s  t h a t  t r e a t -  
nent s imi l a r  t o  that given i n  r e f e r  e I, inc lud 
2-second tr8ansition time between ground contact  and brake 
app l jca t ion  (used i n  the examples), would provide reason- 
able  values f o r  the leng th  of the sho r t e s t  poss ib le  ground 
run. The experience gained i n  the t e s t s  served, however, 
t o  emphasize the f a c t  t h a t  maximum braking i s  s t r i c t l y  an 
emergency procedure r a the r  than a p rac t i cab l e  rou t ine  
procedure and t h a t  t h e  brakes must be i n  proper condit ion 
4 . f  such a s t o p  i s  t o  be made, During the second s e r i e s  
o f  t e s t s  an unequal braking act ion ex i s t ed ,  the  cause of 
wh'ich was no t  deterrnined and corrected  u n t i l  a f t e r  
landing 14. 

The brakes showed a l ag  o f  approximately 1 second upon 
i n f t f a l  appl ica t ion.  Since the p i l o t s  do  not  apply the  
brakes prior t o  nose-wheel contact  with an a i rp lane  o f  
t h i s  type l p a r t i c u l a r l y  when the nose i s  a l ready descending 
rapidly), t h e  e f f e c t  o f  t h i s  lag i s  t o  increase  the minimum 
leng th  of run by about 150 f e e t .  
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C O N C L U S I O N S  

1 5  

F l igh t  t e s t s ,  which were made t o  v e r l f y  an ana lys is  
o f  t h e  e f f e c t  o f  wing Loading on the landing f l a r e  ( t h e  
IsvelFng-off p a r t  of  a l and ing) ,  Indica ted  the following 
conclusfons: 

1, Considerations o f  s a f e t y  and accuracy l i m i t  the  
r a t e  o f  descent used i n  the  landing approach t o  aboEt 
Zilj f o s t ;  per  second. 

2. Then t h e  wing loading and l i f t - d r a g  r a t i o  a re  such 
a3 t o  prod-uce a value i n  excess of  25 f e e t  per  second -En 
a power-off g l i d e  a t  the minimax speed considered s a f e ,  
the  r 2 t e  o f  descent i s  reduced t o  25 f e e t  per second o r  
l e s s  by app l l ca t ion  of  power by the  p f l o t .  

3.  For t he  3-26 s i rp lane  operated a t  a zvinC; loading 
o f  50 pound,.: per square f o o t ,  the he ight  a t  which the  
~ i l - o t  rriust b e g l n  the f l b r e ,  t h e  hor izon ta l  d i s t ance  f r o m  
50 f e s t  a l t l  tude t o  the end o f  the  f l a r e ,  and. the  excess 
speed a t  ground contact  can be determfncd s a t i s f a c t o r f l y  
by simple ca lcu la t ions  based on a r a t e  o f  Cescent o f  
25 f e e t  per  second and including normal speed, time, and 
If f t -c o e f f f c i ent  margins . 

4. The r e s u l t s  obtained i n  the i n v e s t i g a t i o n  a r e  
be l ieved  t o  be appl icable  for c a l c u l a t i o n s  o f  the  e f f e c t  
on the approach and flare path  o f  f u r t h e r  ixcreases  i n  
wing loading.  

Langley Memo ri a 1 Aeronaut i c a1 Lab0 ra t  o r g  
National Advisory Committee f o r  Aeronautics 

Langley F ie ld ,  V a .  
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Figure 4.- Time h i s t o r y  of' landing approach and f lare.  B-26 air?lane;  landing 13, 1941 ser ies .  
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FiZure 5.- TLze l i s t o r y  of l and in i  a ,  roach and f l a r e .  E-26 ai r2 lane;  lapciinz 6, 192 se r i e s .  
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Figure 6.- Tine h i s t o r y  of landing approach and f l a r e .  6-26 a l r p l m e ;  l snding 7, 1942 Zer!e:. 
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Fig. 8 

Figure'8.- Time 1 i s t o r y  of  landing approach and f lare.  B-26 a i r a l ane ;  landing 12, 1942 series. 
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Figure 9.- Time history of landing approach and f l a r e .  8-26 .iir?lane; landinc 13, 1342 series. 
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Figure 15.- Fl i&ht  path and time h ie to ry  of landing run. B-26 ai rplane;  landing 0, 1941 se r i e s .  
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Figure 16.- F l igh t  path and time h i s to ry  of landing run. B-26 ai rplane;  landing 10, 1941 s e r i e s ,  
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Figure 16. - Concluded. 
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Fig. 25-Conc- 
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Figure 30.- Equ iva l en t  r a t i o s  of l i f t  t o  drag 
of the hlartin B-26 airplane. 
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Figure 31.- Theore t ica l  time h i s t o r i e s  of landing f l a r e s  f o r  severa l  condit ions,  
w i t h  experimental da ta  for  comparison. 
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